Objectives. Co-prescribing of proton pump inhibitors (PPIs) with non-selective NSAIDs (nsNSAIDs) is recommended in patients at risk of gastrointestinal (GI) events. This study estimated usage of PPI co-therapy among chronic nsNSAID users and determined factors associated with concurrent nsNSAID-PPI use. Methods. The retrospective study was based on the Intercontinental Marketing Services (IMS) Health UK MediPlus Õ database and included subjects !40 yrs of age who received their first oral nsNSAID prescription between July and December 2002 and who had !60 days of nsNSAID supply during the following year. Days with nsNSAID-PPI overlap were calculated and logistic regression was used to identify factors associated with nsNSAID-PPI overlap. A generalized linear model was used to assess the degree of association of GI risk factors with the nsNSAID-PPI overlap ratio among PPI users. Results. Of 16 344 patients included, 1586 received at least one PPI prescription. Among PPI users, PPIs were available on $50% of the days with nsNSAID therapy. After multivariate adjustment, age !65 yrs, history of any hospitalization and co-prescriptions for anti-coagulants or oral corticosteroids increased the odds of any nsNSAID-PPI overlap by 21-68%. Prior gastroprotective agent (GPA) use increased the odds of any PPI use during follow-up 16-fold and nsNSAID-PPI overlap 19-fold. Among PPI users, patients with prior use of any GPA had a 2.46 times higher nsNSAID-PPI overlap ratio. Conclusions. PPI utilization correlates poorly with nsNSAID use in the UK. GI safety of nsNSAID-PPI co-therapy observed in controlled trials may therefore not be achieved in clinical practice.
Introduction
NSAIDs are among the most frequently prescribed drugs world wide [1] . In March 2005, $7 million patients in the UK received NSAID prescriptions [2] . Although these agents are frequently used for brief periods to relieve acute pain, they are also often prescribed to patients with chronic pain for long-term use. For example, the recent Pain in Europe survey found that 52% of chronic pain sufferers currently used prescription painkillers (most commonly NSAIDs, weak opioids or paracetamol) to treat chronic pain [3] .
Non-selective NSAIDs (nsNSAIDs; henceforth, refers only to non-aspirin nsNSAIDs) inhibit both the COX-1 and COX-2 isoforms of the cyclo-oxygenase (COX) enzyme [4] . It is believed that the role of COX-1 in gastric protection accounts for the common side-effect of upper gastrointestinal (GI) symptoms among chronic nsNSAID users. The risk for serious upper GI events [perforations, ulcers and bleeds (PUB)] is four times higher in chronic users of nsNSAIDs than in non-users [5] . Chronic nsNSAID users are also at higher risk for less serious upper GI symptoms, such as dyspepsia and abdominal pain. A number of factors are known to increase the risk for GI adverse events among nsNSAID users, including a history of ulcers, advanced age, concurrent use of corticosteroids, anti-coagulants or aspirin and certain comorbidities [1] .
Clinical practice guidelines in the UK [6] , Europe [7] and North America [8, 9] recommend co-prescription of a gastroprotective agent (GPA) in high-GI-risk patients on chronic nsNSAID therapy. Acid suppressive proton pump inhibitors (PPIs) have been shown in randomized clinical trials to reduce symptoms of dyspepsia [10] , risk for duodenal and gastric ulcers detected by endoscopy [11] and recurrence of symptomatic [12] and bleeding ulcers [13] among patients taking nsNSAIDs. Other GPAs are less frequently used due to lack of tolerability or efficacy: the prostaglandin analogue misoprostol effectively reduces ulcer complications but is associated with diarrhoea and dyspepsia, while anti-secretory therapy with histamine 2 -receptor antagonists (H 2 RAs) at standard doses reduces gastric but not duodenal ulcers [14] . In the UK, PPIs comprise $60% of all anti-ulcer drug prescriptions [15] .
Despite recommendations of clinical practice guidelines, inadequate co-prescribing of GPAs to high-risk nsNSAID users has been shown to persist in The Netherlands [16] , the USA [17] and Canada [18, 19] . While prior studies demonstrated deficiencies in rates of GPA prescribing, only one published study has so far quantified adherence to recommended use of PPIs among nsNSAID users who received PPIs [20] . This Dutch study found that among patients with both nsNSAID and PPI prescriptions, PPI supply overlapped 82% of days of nsNSAID supply.
Because suboptimal PPI utilization is expected to impair prophylaxis of nsNSAID-related gastropathy [21] , it is important to determine the correspondence or overlap between consumption of nsNSAIDs and PPIs. The objectives of the study were to estimate concurrent usage of PPIs among chronic nsNSAID users in the UK and to determine factors associated with concurrent nsNSAID-PPI use.
Methods

Data source
This retrospective cohort study used data from the Intercontinental Marketing Services (IMS) Health UK MediPlus Õ database from 1 July 2001 to 31 December 2003. The MediPlus database, which includes longitudinal data on prescriptions, medical services (including tests and diagnostic procedures, hospital and specialist referrals) and medical diagnoses recorded by general practitioners for $1.8 million active patients throughout the UK, has been validated and found to be accurate and reliable [22, 23] , and has previously been used for studies of nsNSAID and GPA utilization [24] . To preserve patient and physician confidentiality, MediPlus records are coded anonymously. Our study was approved by the Independent Scientific and Ethics Advisory Committee.
Study design
Candidates for inclusion in the study cohort were identified based on a 6-month index period from 1 July 2002 to 31 December 2002. The date on which the physician wrote the first prescription for an oral nsNSAID during the index period was defined as the index date. Non-selective NSAIDs were classified according to the Anatomical Therapeutic Chemical (ATC) code M01A1, excluding meloxicam [which is considered a COX-2 inhibitor (coxib) in the UK] and multi-substance products such as benorilate and Arthrotec Õ . Patients were followed from the index date until the date of switching from an nsNSAID to a coxib or the end of 12 months of follow-up, whichever came first. Patients continued to be included in the study if they switched from one nsNSAID to another. A 12-month history period prior to the index date was reviewed to determine patients' risk factors for GI events.
Patient inclusion criteria
Patients were included in the study cohort if they were prescribed any oral nsNSAID during the index period and had at least 60 days of nsNSAID supply during the follow-up period, thereby focusing the analysis on chronic nsNSAID users. Days of nsNSAID supply was determined based on the intended therapy duration of the prescribed medication(s), as recorded in MediPlus. All included patients were at least 40-yrs old at the index date, and had continuous active enrollment in the MediPlus data system throughout the study period.
Patients who received more than one type of nsNSAID at the index date were excluded to minimize confounding effects from multiple nsNSAIDs. Patients with no recorded information about the intended duration of their prescription were also excluded. Further, patients were excluded if they stopped taking nsNSAIDs and the date on which they stopped taking nsNSAIDs was unknown, since their days of medication supply could not be calculated. However, patients who switched from an nsNSAID to a coxib were included because the database allowed the nsNSAID duration to be calculated based on the date on which the coxib prescription was written.
The study population was divided into three cohorts based on PPI use during the history and follow-up periods:
(i) users with no PPI prescriptions during the follow-up period; (ii) continuing PPI users (PPIs were prescribed during both the history period and the follow-up period); and (iii) new PPI users (PPIs were not prescribed during the history period, but were added during the follow-up period).
GI risk factors
The following factors, which have been shown to be associated with an increased risk for nsNSAID-related gastropathy, were identified from the literature: advanced age, all-cause hospitalization (indicative of poor health status), history of GI events including episodes of PUB, comorbidities including history of cardiovascular (CV) disease and concurrent use of corticosteroids, aspirin or anticoagulants [1, [25] [26] [27] . Information on these risk factors was retrieved from the MediPlus database for the year prior to the index date. History of GI tests and prior use of GPAs served as indicators of prior GI events or elevated risk for these events. Although it may appear counterintuitive to include prior GPA use as a factor associated with higher GI risk, users of nsNSAIDs plus PPIs have been found to have a higher unadjusted rate of ulcers than users of nsNSAIDs alone due to channelling bias [28] .
GI risk level was scored for each patient as the number of the following factors that were present during the 1-yr history period or at the index date (i.e. concurrent events):
Age 65 yrs or older. History of all-cause hospitalization. History of PUB. History of diagnosis of dyspepsia/abdominal pain. History of diagnosis of CV disease (acute myocardial infarction, ischaemic heart disease, congestive heart failure or cerebrovascular disease). History of GI test (GI endoscopies, barium contrast tests, Helicobacter pylori tests and/or other GI monitoring). History of GPA use (PPIs, H 2 RAs or misoprostol). Concurrent use of anti-coagulants. Concurrent use of oral corticosteroids. Concurrent use of aspirin.
Data analysis nsNSAID-PPI overlap. The total number of nsNSAID treatment days during the study period was calculated for each patient by totalling days of supply for all nsNSAID prescriptions, starting from the index date and ending on either the last day of nsNSAID supply or the date of a medication switch from an nsNSAID to a coxib, whichever came first. If total duration of medication supply during the 1-yr follow-up period exceeded 365 days, treatment days were truncated at 365.
The overlap in supply of PPIs and nsNSAIDs was calculated as a ratio for each patient by summing days of nsNSAID supply during which the patient had PPIs (inferred from the prescribing date and days of supply recorded for PPI prescriptions) and dividing this sum by the total number of nsNSAID treatment days as defined previously.
Because patients may not take medications as frequently as prescribed, and the MediPlus database does not provide direct measures of medication consumption, potential patient nonadherence was addressed in a sensitivity analysis by assuming that nsNSAIDs and PPIs were taken on 80% of prescribed daysa commonly cited threshold for acceptable adherence to chronic therapy [29] . Treatment days were recalculated as 1.25 (reciprocal of 80%) times the days of medication supply.
Factors associated with concurrent nsNSAID-PPI use
Logistic regressions were used to identify factors associated with PPI prescription, with and without adjustment for study covariates. Variables used in the regression models were gender and the GI risk factors listed in Table 1 , including advanced age (! 65 yrs).
Due to the fact that large proportions of nsNSAID users did not have any days with overlapping PPIs and nsNSAIDs, two-part models were used to identify factors associated with the degree of PPI overlap with nsNSAIDs [30, 31] . In the first part, logistic regressions were used to estimate the probability of any overlaps of PPIs with nsNSAID. In the second part, generalized linear models with log-link function and gamma distribution were used to determine factors associated with the overlapping ratio of PPI with NSAID among PPI users. The value of 10 À10 was added to the overlapping ratios to address zero overlapping ratios when the models were tested with loglink function.
In the multivariate and generalized linear models, potential explanatory variables were assessed for colinearity using pairwise correlation analysis. Significance for all statistical tests was defined as P < 0.05. All statistical analyses were performed using SAS Version 8.02 (SAS Institute Inc., Cary, NC, USA).
Results
Patient baseline characteristics
Of 16 344 chronic NSAID users included in the study, 1586 (10%) received at least one PPI prescription during follow-up. Compared with patients not receiving PPI prescriptions during follow-up, the group receiving PPIs tended to be older, included more women, had more events and diagnoses indicative of higher GI risk during the prior year, and more frequently received a co-prescription at the index date for medications that increase the risk of nsNSAID-related gastropathy (Table 1) . Patients who received PPIs during follow-up more frequently reported a history of dyspepsia/abdominal pain (20% vs 5%, respectively) and PPI use in the prior year (53% vs 1%) than patients not receiving PPIs. Compared with new users of PPIs during follow-up, the group of continuous PPI users, who had used PPIs during the prior year, tended to be younger, included more women, and had more prior events and diagnoses indicative of higher GI risk-notably, a much higher prevalence of prior dyspepsia/abdominal pain (30% vs 9%) and PUB (5% vs 1%).
The distribution of patients by number of GI risk factors listed above is shown in Fig. 1 . Compared with patients who did not receive PPIs during follow-up, a higher proportion of those who received PPIs had multiple GI risk factors. At least one GI risk factor was present in 83% of PPI users and 53% of non-users, with three or more risk factors in 27% of PPI users vs 7% of nonusers. Among PPI users, a higher proportion of those who had received PPIs in the prior year had multiple GI risk factors compared with those receiving PPIs for the first time during follow-up. This is partly because prior GPA use was scored as a GI risk factor, which is reflected by none of the continuing PPI users having zero GI risk factors.
nsNSAID and PPI utilization
Treatment days were truncated at 365 for 7.25% of the patients who refilled their medication more frequently than would be expected based on days of supply. Duration of nsNSAID supply was longer among patients who received PPI prescriptions during follow-up than among those who did not (median 168 vs 154 days, respectively). Mean duration of nsNSAID supply was longer than median duration (Table 2) ; the same pattern was observed for duration of PPI supply and duration of nsNSAID-PPI overlap. Among patients who received PPI prescriptions, the duration of PPI supply was lower than the duration of nsNSAID supply (median 112 vs 168 days, respectively; Table 2 ). The nsNSAID-PPI overlap ratios indicated that among patients who received PPI prescriptions, PPIs were used on $50% of the days during which nsNSAIDs were used. This was true whether patients were assumed to consume their medication as prescribed (primary analysis) or only on 80% of days of NSAID and PPI therapy (sensitivity analysis to address non-adherence).
Factors associated with concurrent nsNSAID-PPI use
When considered separately in the univariate models, being female and all GI risk factors were significant predictors of both PPI use and any overlap in supply of nsNSAIDs and PPIs during follow-up (Table 3) . GPA use in the prior year (which included prior PPI use) had the strongest association with PPI utilization during follow-up: the odds of any PPI use were 18 times higher and the odds of any nsNSAID-PPI overlap were 20 times higher among those with prior GPA use than those without. The next strongest predictor in the univariate analyses was a history of PUB in the prior year, which increased the odds of both PPI use and nsNSAID-PPI overlap 6-fold.
Pairwise correlation analyses did not indicate colinearity between independent variables; the largest r was 0.47 for history of CV disease and concurrent aspirin use at the index date. Therefore, all variables were retained in the final multivariate models.
After adjusting for all other variables in the multivariate model, those that remained significantly predictive of any PPI use during follow-up included advanced age (!65 yrs), all-cause hospitalization in the prior year and diagnoses in the prior year of CV disease or dyspepsia/abdominal pain ( Table 3) . Presence of these factors was associated with 18-47% higher odds of PPI use. GPA use in the prior year had the largest effect in the multivariate model, being associated with 16 times higher odds of any PPI use during follow-up.
Variables in the multivariate model that remained significantly predictive of an increased likelihood of nsNSAID-PPI overlap during follow-up after adjusting for other variables included advanced age and all-cause hospitalization in the prior year. In particular, the odds ratio of nsNSAID-PPI overlap was 1.21 times higher among patients aged !65 yrs and 1.55 times higher among those reporting any hospitalizations during the prior year (Table 3) . GPA use in the prior year was associated with 19 times higher odds of nsNSAID-PPI overlap. Co-prescriptions at the index date for anti-coagulants or oral corticosteroids increased the odds of nsNSAID-PPI overlap by 64 and 68%, respectively.
Among patients who used PPIs during the follow-up, the only independent variable in the generalized linear model that was significantly associated with the amount of overlap between days of nsNSAID supply and days of PPI supply was a history of GPA use during the prior year (Table 4) . On average, patients receiving PPIs during follow-up who had received any GPA during the year prior to the index date had 2.46 times higher nsNSAID-PPI overlap ratio than those with no GPA use during the prior year.
Discussion
Given the high prevalence of nsNSAID use, particularly among elderly and other high-risk populations, preventing nsNSAIDrelated gastropathy continues to represent an important public health objective. This study found that chronic nsNSAID users with GI risk factors were significantly more likely to receive PPI prescriptions than those at lower GI risk, indicating that UK GPs consider patients' GI risk level to some extent when prescribing nsNSAIDs. However, 53% of chronic nsNSAID users who did not receive any PPIs during follow-up had one or more GI risk factors; 12% had two GI risk factors and 7% had three or more. It is possible that some patients received GPAs other than PPI, which were not assessed in the follow-up of this study. Nevertheless, this would not represent optimal care since H 2 RAs are less effective in the prevention of GI events than PPIs and misoprostol is associated with more side-effects than PPIs [32] . Similar patterns of incomplete adherence to clinical practice guidelines that recommend gastroprotection for at-risk nsNSAID recipients [7] [8] [9] have been documented elsewhere. Although these studies do not always distinguish between PPIs and other GPAs, the results indicate lower overall utilization of GPAs. A study contacted in The Netherlands found that only 7% of new nsNSAID users received a GPA [16] . Although patients at higher risk of GI complications were more likely to receive GPA, 87 and 81% of the patients with one and two risk factors respectively were not managed by any GI preventive strategy. Two studies in Canada report rates of nsNSAID plus concomitant GPA use that range from 10% to 45% of nsNSAID users [18, 19] . Similarly, a study in USA found that only 33% of nsNSAID users received any GPA, with less than 5% receiving concomitant PPI therapy [17] . Concomitant use of GPA therapy was higher among patients at increased risk of GI complications; $46% of the nsNSAID users with at least two risk factors were prescribed GPA therapy.
Among chronic nsNSAID users who did receive PPIs during follow-up, PPI supply overlapped only half the days of nsNSAID supply. The generalized linear model indicated that patients who had used a GPA in the prior year had more complete nsNSAID-PPI overlap during follow-up, but no other GI risk factors significantly predicted the degree of nsNSAID-PPI overlap. Although reasons for PPI prescribing could not directly be assessed in this study, this finding suggests that GPs may have prescribed PPIs to many chronic nsNSAID users on an 'as-needed' basis to treat symptoms such as dyspepsia instead of for the prevention of nsNSAID-associated gastropathy. However, GI prevention is not required only in patients experiencing GI symptoms such as dyspepsia, as these symptoms are not a predictor of serious GI complications [33] .
Similarly to this study, Sturkenboom et al. [20] analysed overlapping nsNSAID-GPA utilization using records from the Integrated Primary Care Information database in The Netherlands from January 1996 to April 2002. For patients who received PPI co-prescriptions within 2 days of an nsNSAID prescription, 82% of days of nsNSAID supply were overlapped by PPI supply. For patients who received H 2 RA co-prescriptions, the nsNSAID-H 2 RA overlap ratio was 0.73. The higher nsNSAID-PPI overlap ratio in the Dutch study than in this one may in part be due to the exclusion of patients who were prescribed GPAs for reasons other than prevention of nsNSAID-related upper GI toxicity. Sturkenboom et al. [20] categorized patients as adherent if days of GPA supply overlapped at least 75% of days of nsNSAID supply. By this definition, 31% of PPI users and 44% of H 2 RA users were found to be non-adherent.
Actual patient consumption of medications cannot be assessed in retrospective prescription database analyses like the present study and that of Sturkenboom et al. [20] . These studies measure prescriber adherence to recommended clinical practice rather than patient adherence to prescribed dosing. Consequently, findings are likely to overestimate nsNSAID-GPA overlap because patient adherence to prescribed daily GPA therapy (as well as NSAID therapy) is known to be poor. In one UK study, 84% of the patients had incomplete adherence to long-term PPI prescriptions [34] . Among PPI users with incomplete adherence to daily therapy, the explanation most often cited (by 80% of respondents) was that treatment was taken only when symptoms were a problem [34] . Achieving satisfactory patient adherence to daily PPI use is likely to be difficult because of several factors known to reduce patient adherence to long-term therapy [29] : polypharmacy (separate PPI and nsNSAID pills), the frequent absence of symptoms before a serious GI complication and the resulting lack of perceived effect of PPIs. Programs that may contribute to improvements in the observed inadequacy of practice include physician education on the nsNSAID GI-related risks and the benefits of nsNSAID-PPI concomitant use, prospective drug utilization review where pharmacists and physicians could collaborate in ascertaining that nsNSAIDs and PPI are prescribed to patients at high risk of GI complications, and patient education of the associated risks of non-adherence to PPI use.
This study has several strengths, most notably the analysis of real-world prescribing patterns using a large, validated, population-based database. Restricting analysis to chronic nsNSAID users reduced confounding factors. Furthermore, prescribing practice was likely more uniform than during the 1996-2002 period examined by Sturkenboom et al. [20] , which encompassed years before and after coxibs became available and which saw a large increase in the use of gastroprotective strategies by practitioners in The Netherlands [16] . Follow-up in the present study was from 1 July 2002 to 31 December 2003, well after the introduction of coxibs but before the withdrawal of rofecoxib and valdecoxib and heightening of concern about CV side-effects of coxibs and nsNSAIDs.
This study also has limitations, many of which are common to retrospective database analyses, including lack of randomization. Although analyses controlled for known GI risk factors, results could be influenced by other variables not recorded in the MediPlus database. This study provides an incomplete picture of PPI utilization in nsNSAID users because the endpoints were written prescriptions-it was not possible to verify whether patients filled these prescriptions, or to monitor actual medication consumption or adherence to prescribed dosing. Consequently, it was not possible to verify that both nsNSAIDs and PPIs were actually taken on days scored for nsNSAID-PPI overlap. To simulate patient non-adherence, the effect on nsNSAID-PPI overlap ratio of 20% non-adherence to prescribed dosing frequency was tested in a sensitivity analysis. Overlap ratios were similar in the primary and sensitivity analyses, differing by a mean of 0.02 and a median of 0.04. It remains unknown, however, whether this reflects the true level of adherence in this cohort.
In conclusion, although chronic nsNSAID users at high risk for GI events were more likely to receive a PPI prescription than those with low GI risk, PPI supply overlapped only 51% of mean days of nsNSAID supply. These results support the conclusion of Sturkenboom et al. [20] that even when GPAs are prescribed to nsNSAID users for gastroprotection, their utilization pattern correlates poorly with nsNSAID use. These patterns of suboptimal PPI utilization may increase the risk for GI adverse events among chronic nsNSAID users. Assessments of the GI safety of nsNSAID-PPI co-therapy that are based on clinical trial results [35] may not be valid given the utilization patterns seen in actual clinical practice.
